History and definition of exosomes {#s0001}
==================================

Besides designating the multienzyme ribonuclease complex, in recent years, the term "Exosome" has defined the different types of vesicles released by various cells. It is critical to discriminate these vesicles, since their mode of biogenesis is likely directly related to their physiologic function and/or to the state of the productive cell. This is pivotal in the context of their regulation by small GTPases, which is the purpose of this review. We have restricted the data to papers strictly related to exosomes and Rab GTPases, and consequently a large piece of work related to the biogenesis and function of exosomes is not presented here, but can be found in recent reviews on exosomes.

First coined by Trams et al.,[@cit0001] the term exosome was used to name exfoliated membrane vesicles collected from supernatants of normal or neoplastic cell lines. These surface-shed vesicles have diameters varying from 40 to 1,000 nm and contain plasma membrane 5′-nucleotidase activity, some of which possessed a high concentration of tumor antigens and were shed at a higher rate by highly metastatic cells.[@cit0002] These vesicles, also called microvesicles, microparticles, oncosomes or shedding particles, are formed from outward budding of the plasma membrane. We will collectively call them "ectosomes," as originally proposed for isolated vesicles released by activated human polymorphonuclear neutrophils.[@cit0003] In contrast, the term exosomes, as used in 1987 by Rose Johnstone,[@cit0005] refers to vesicles released in the extracellular medium upon fusion of a multivesicular endosome (MVE) with the cell surface [Fig. 1A](#f0001){ref-type="fig"}), as first demonstrated to occur during reticulocyte maturation.[@cit0006] However, since some ectosomes and exosomes are of similar size (approximately 60--100 nm) regardless of the process of formation, it remains difficult to evaluate the compartment of origin of these 2 kinds of vesicles without evidencing the producing event at the ultrastructural level. Moreover, there appears to be molecular overlap between the 2 events. Components, such as the endosomal sorting complexes required for transport (ESCRT) machinery, that are directly involved in multivesicular endosome formation[@cit0008] are also associated with plasma membrane domains, which give rise to vesicle budding from the cell surface.[@cit0010] Consequently, a mixed population of vesicles of different intracellular origin are generally copurified as recently pointed out by carefully analyzing the proteomic composition of vesicle subtypes.[@cit0012] Figure 1.(A) Ectosome *vs.* exosome biogenesis. (B) *Left panel*: Electron microscopy image of a multivesicular endosome (MVE) and a fusion event of an MVE with the reticulocyte plasma membrane. Transferrin-gold is labeling the exosome surface. *Right panel*: Autophagic structures are observed in continuity or close to MVE containing Tf-gold labeled ILVs.[@cit0014] (C) Representation of the composition of exosomes emphasizing on potential functions. Note that these components can also be present in other types of extracellular vesicles.

Biogenesis, composition and functions {#s0002}
=====================================

In the early 1980s, the labs of Rose Johnstone and Philip Stahl demonstrated secretion of the transferrin receptor (TfR) in association with small membrane vesicles from reticulocytes of different species.[@cit0006] Using different approaches and the power of electron microscopy, they followed the fate of the TfR during reticulocyte maturation, from its usual recycling pathway to a secretion route involving inward budding from the endosomal membrane, leading to the formation of a multivesicular endosome. The TfR accumulates in the small intraluminal vesicles (ILVs) of the MVE and is released from the cell by fusion of the MVE with the reticulocyte plasma membrane.[@cit0006] Moreover, we have evidenced by EM amphisomes arising from the fusion of MVE containing nascent exosomes (Tf-gold labeled) with autophagic structures [Fig. 1B](#f0001){ref-type="fig"})(14), a process that likely accounts for the secretion of mitochondria occurring during the last stage of erythropoiesis.[@cit0015] At this time, exosomes were thus considered as a way to expel unwanted cellular components.

Studies on exosomes were restricted to the reticulocyte model until 1996, when Hans Geuze and his group discovered that B-lymphocytes secrete similar vesicles.[@cit0016] Importantly, these exosomes contain major histocompatibility complex class II molecules, opening the door toward a potential role for these vesicles in immunological processes.[@cit0017] Exosomes were thus envisaged as an acellular mode of communication between cells. Since then, studies on these vesicles have expanded and exosomes have been detected in various biological fluids, including plasma, urine, and pleural effusion. A few years later, mRNA and miRNA were found in mast cell exosomes,[@cit0019] and it was determined that after entering another cell, exosomal mRNA can be translated and miRNA can regulate gene expression,[@cit0019] demonstrating a fascinating mechanism for nucleic acid exchange between cells.[@cit0021] However, many studies did not fully characterize the origin of the vesicles and the term extracellular vesicle (EV) was suggested to be more appropriate. On this subject, we refer the reader to a recent review summarizing the similarities and differences between ectosomes and exosomes.[@cit0022]

Sorting of cargo proteins [Fig. 1C](#f0001){ref-type="fig"}) within exosomes is still not completely clear and likely depends on the budding process (for review see ref[@cit0023]) Various mechanisms involving the ESCRT machinery,[@cit0024] a ceramide-based mechanism,[@cit0025] tetraspanin proteins,[@cit0026] Alix[@cit0028] or, more recently, Hsc70^31^ have been described as potential mechanisms that are driving protein sorting and/or budding events.

In the present review we will focus on exosome secretion and its regulation by small GTPases of the Rab family.

Secretion and regulation {#s0003}
========================

The small Rab GTPases consist of a family of proteins composed of approximately 70 distinct proteins, all belonging to the super family of Ras GTPases. They classically function as molecular switch by cycling between GTP- and GDP-bound states. The GTP-bound form (i.e. the active form) can interact with effectors, promoting various steps and contributing to vectorial membrane traffic. Rab GTPases are considered as organelle markers since each Rab protein regulates a distinct intracellular transport step.[@cit0032] They are associated with the endocytic and secretion pathways, and are recognized for their roles in both membrane transport and fusion.[@cit0033] The biogenesis compartment of extracellular vesicles is important with regards to their regulation by GTPases since, in general, Rab proteins regulate vesicular traffic and exosome formation while Rho/Rac proteins are rather involved in ectosome formation through rearrangements of the actin cytoskeleton and ARF6-regulated endosomal recycling.[@cit0034] Surprisingly, Rab22A, which had been described as an endosomal associated protein in different cell lines, was recently shown to be involved in ectosome formation.[@cit0036] Intratumoral hypoxia triggers changes in gene expression mediated by hypoxia-inducible factors (HIFs). Rab22A is one of the various genes whose expression is increased through HIFs in breast cancer. Rab22A GTPase was shown to colocalize with budding ectosomes at the plasma membrane of MDA-MB-231 cells, while Rab22A knockdown decreased ectosome formation and concomitantly impaired breast cancer cell invasion.[@cit0036]

Even though a majority of the work on exosomes focuses on their extracellular functions, some papers characterize the regulation of exosome biogenesis and secretion by various Rab GTPases. We will present these data and discuss the possibility of Rabs regulation playing a role in exosome production by cells.

Rab GTPases and exosomes: Cargoes vs. actors {#s0003-0001}
--------------------------------------------

As previously mentioned, exosomes were first discovered in reticulocytes. As consequence, the presence of Rab GTPases was originally investigated on reticulocytes exosomes. Vesicular trafficking is reduced in reticulocytes due to the disappearance of the secretion pathway with enucleation at the erythroblast stage. Moreover, post-endocytic trafficking is limited to recycling since lysosomes are dying out. Thus, Rab4 and Rab5 GTPases were tested by GTP-binding and western blot in different reticulocyte and erythrocyte fractions, and it was found that Rab4 was enriched within exosomes while Rab5 was concentrated in plasma membrane ghosts. These results argued against a role for vesicle-trapped Rab4 in exosomes secretion, and conversely suggested that reticulocyte exosomes are used to clear out the "needless" GTPase, which accordingly disappeared in erythrocytes.[@cit0037]

Since then, and especially by means of proteomic analysis, numerous Rab proteins have been detected in exosomes. Referring to Exocarta ([www.exocarta.org](http://www.exocarta.org)), a web-based compendium for exosomal cargo, more than 28 Rab isoforms have been characterized in exosomes from various sources. Within those, most of the Rabs characterized are GTPases involved in the endocytic pathway, while Rab proteins having a role in ER-Golgi transport are less frequently found. This highlights the endosomal origin of the multivesicular compartment, resulting from various membrane transport steps regulated by Rabs. One may propose that Rabs are present in exosomes as contaminants, but, alternatively, sequestration might be a way to assist formation of Rab domains,[@cit0038] or Rab conversion[@cit0039] if the Rab protein to be removed is not correctly released in the cytosol. In addition, we recently showed that, during reticulocyte maturation, effectors of small GTPases can be downregulated through the exosomal pathway. This is the case for RASA3 (Ras GTPase activating Protein 3), which is lost completely during the last stage of erythroid differentiation.[@cit0040]

Conversely, a few Rab proteins (i.e., Rab11, Rab35 and Rab27) have been shown to play a direct and significant role in exosome biogenesis and secretion. As anticipated, they are all involved in the transport of endolysosomal vesicles toward the plasma membrane [Fig. 2](#f0002){ref-type="fig"}. Rab11 and Rab35 regulate the recycling of membrane components from the endosomal compartment to the plasma membrane. This recycling event is also used in a polarized manner to facilitate various cell processes such as cytokinesis, cell migration and neurite outgrowth.[@cit0042] On the other hand, the secretory Rab27 is specialized in transport of late endosomal/lysosome-like compartments to the plasma membrane.[@cit0045] Rab27 has also been shown to regulate exocytic events in a sequential manner together with the other secretory GTPase Rab3^46^ and jointly with the recycling Rab11.[@cit0047] Figure 2.Schematic description of vesicular trafficking and its Rab GTPases regulation, which may not exist in a given cell type. The three Rab proteins regulating exosome secretion are highlighted by the red arrow.

Slow recycling Rab11 {#s0003-0002}
--------------------

The Rab11 subfamily includes 3 members: Rab11a, Rab11b and Rab11c (also named Rab25). Rab11a was the first member characterized and is ubiquitously expressed,[@cit0048] while Rab11b and Rab25 show a more restricted tissue expression pattern.[@cit0049] The Rab11 subfamily is involved in recycling from an endosomal compartment to the plasma membrane. In epithelial cells, a common recycling endosome (CRE) and an apical recycling endosome (ARE) are used to specifically deliver material to either apical or basolateral plasma membrane with differential dependence on Rab11a and Rab25.[@cit0051] In non-polarized cells (e.g. haematopoietic cells), Rab11a regulates slow transport from a perinuclear recycling endosome compartment, contrary to Rab4, which is involved in fast recycling after endocytosis. Rab11 was thus proposed to regulate the transport of MVE to the plasma membrane during differentiation of erythroid cells. The erythroleukemia K562 cell line susceptible to differentiate into erythroid precursors and expressing high levels of Rab11^52^ was used in pioneering experiments.[@cit0053] Overexpression of the wild type form of Rab11 slightly stimulated exosome secretion in K562 cell, as measured by different markers previously used for reticulocyte exosomes studies.[@cit0054] Conversely, the inhibition of Rab11 function by overexpression of a dominant-negative mutant (Rab11 S25N) decreased exosome release.[@cit0053] In addition, intracellular Ca^2+^ was involved in exosome release from K562 cells, and Rab11 promotes docking and fusion of MVE in a calcium-dependent manner.[@cit0055] Rab11 was also shown to contribute to exosome secretion in neuronal cells,[@cit0057] in the context of the p75 neurotrophin receptor, a signaling receptor that regulates different aspects of neuronal physiology. After ligand-mediated endocytosis, a portion of endocytic p75 neurotrophin receptor pool is sorted from a Rab5- to a Rab11-positive compartment evading lysosomal route, and accumulates in a compartment positive for the tetraspanin CD63. These CD63-positive organelles have a multivesicular structure as observed by electron microscopy, and release their content into extracellular medium upon KCl depolarization.[@cit0057] These studies demonstrate the existence of an exosomal pathway dependent on Rab11 recycling route and calcium sensitization. Although the molecular mechanism of Rab11 function in exosome secretion has yet to be deciphered, especially regarding downstream effectors of Rab11, studies in Drosophila could bring some insights into the mechanism. Indeed, a recent study showed that vesicles are secreted at the Drosophila larval neuromuscular junction,[@cit0058] and 2 concomitant studies performed on Drosophila S2 cells demonstrated by knockdown experiments that Rab11, but not Rab35 or Rab27, participate in the production of vesicles containing the transmembrane protein Evenness Interrupted (Evi) and its binding partner Wingless (Wg).[@cit0059] These released vesicles share characteristics of exosomes, such as the size as assessed by EM and the density range as estimated after migration through sucrose gradient. Moreover, immuno-electron microscopic analysis provided evidence of multivesicular structures with intraluminal vesicles labeled for Evi. These Multivesicular Bodies (MVB) fuse with the presynaptic membrane at specific sites that are likely separate from the active zones where Rab3 synaptic vesicles discharge their content. Finally, the Rab11 effector Myosin5 was shown to be required for exosome release,[@cit0060] while the participation of syntaxin 1A is under debate,[@cit0059] adding another layer of complexity to the regulatory process. Nevertheless, these studies in Drosophila may help to decipher the mechanism in other organisms.

Fast recycling Rab35 {#s0003-0003}
--------------------

Rab35 was first identified and cloned from a human skeletal muscle cDNA library.[@cit0061] Rab35 regulates a fast endocytic/recycling step for various proteins (e.g., transferrin) to the plasma membrane. Accordingly, Rab35 is mainly localized at the plasma membrane and in internal structures corresponding to clathrin-coated vesicles (CCV), sorting endosome and endosomal tubules.[@cit0062] More recent studies have demonstrated that Rab35 recruits the lipid phosphatase OCRL immediately after CCV scission from the plasma membrane, allowing PI(4,5)P2 hydrolysis into PtdIns(4)P and CCV uncoating.[@cit0063] Another function related to vesicular trafficking emerged during cytokinesis. Indeed, Rab35 silencing or overexpression of a dominant-negative mutant showed that the small GTPase is essential for bridge stability and abscission.[@cit0062]

Oligodendrocytes insulate axons with a myelin sheath, providing a trophic support as well as promoting rapid impulse conduction. The proteolipid protein (PLP) plays a major role in maintaining the multilamellar structure of myelin sheath. PLP was found to be associated with exosomes released by a murine oligodendroglial cell line. PLP reaches multivesicular compartments in a Rab5-dependent manner, and is then sorted into intraluminal vesicles formed by a mechanism sensitive to sphingomyelinase inhibition, involving ceramide production without involvement of the ESCRT machinery.[@cit0025] A screening strategy evidenced a role for Rab35 in exosome secretion from oligodendroglial cells.[@cit0064] A Rab GTPase-activating protein (GAP) library was screened and identified the TBC1D10 family as regulating the secretion PLP-EGFP-associated exosomes. The three members of the TBC1D10 family, especially TBC1D10B which has the highest effect on exosome secretion, have a strong and specific GAP-activity on Rab35. Accordingly, inhibition of exosome secretion by the expression of the GAP was abolished when a GTP-blocked mutant of Rab35 was coexpressed with TBC1D10B. Conversely, expression of a dominant-negative Rab35 mutant or knockdown of Rab35 resulted in a decrease of exosome-associated PLP. In addition, total internal reflection fluorescence (TIRF) demonstrated that expression of the GTP-blocked mutant of Rab35 increases docking/tethering of endosomal vesicles at the plasma membrane, and raising the intracellular concentration of Ca^2+^ promotes vesicle fusion with the plasma membrane.[@cit0064] Subsequent work confirmed that Rab35-regulated exosome release by oligodendrocytes is indeed increased by the elevation of intracellular Ca^2+^ levels and by glutamate Ca^2+^- signaling.[@cit0065]

Rab35-regulated exosomes released from oligodendrocytes provide a trophic support for axons and may protect neurons from oxidative stress and starvation.[@cit0066] However, the physiological certainty of this function is tempered by the fact that microglia was found to be the preferential brain cell type taking up oligodendrocytes exosomes. Indeed, a study revealed that microglia rather that astrocytes, neurons or oligodendrocytes internalize the vesicles by macropinocytosis and degrade exosomes through a "silent" manner preventing an immune response in microglia,[@cit0067] reminiscent of our work on the clearance of reticulocytes exosomes.[@cit0068]

Similar to Rab11, the detailed mechanism of Rab35 downstream sequence leading to exosomal secretion remains to be clarified. To date, none of the various effectors of Rab35 identified so far[@cit0069] have been shown to be involved in exosome secretion.

Secretory Rab27 {#s0003-0004}
---------------

Rab27 is widely conserved in metazoans with 2 isoforms existing in vertebrates, Rab27A and Rab27B. They are both involved in the regulated secretory pathway, often in a redundant manner. However, in melanocytes and cytotoxic lymphocytes (CTL), only Rab27A exists, in contrast to platelets where Rab27A and Rab27B are both present. Of note, Rab27A was the first Rab GTPase found to be involved in human disease. Indeed, mutations in Rab27A lead to the human type 2 Griscelli syndrome, an autosomal recessive disorder that is characterized by (i) hypopigmentation due to deficient melanosome transport, and (ii) loss of cytotoxic killing activity by CTL caused by an impairment in lytic granules secretion.[@cit0070] Rab27A/B are also expressed on various secretory granules in endocrine, exocrine and immune cells, and are considered as secretory Rab GTPases, like Rab3.

The first study to establish a role for Rab27A and Rab27B in the regulation of exosome release was performed on HeLa cells transfected with the transactivator CIITA, using shRNA screen and immunodetection by flow cytometry of exosome components using vesicles immunoadsorbed on beads.[@cit0071] Lentivirus--mediated depletion of Rab27A or Rab27B induced a decrease in the amount of secreted exosomes without changing their protein content, ruling out a role in protein sorting in ILVs. Moreover, the size of CD63-positive MVEs was significantly increased in Rab27A-knockdown cells while their distribution was similar to the ones of control cells, as assessed by immunofluorescence. EM studies confirmed these findings, whereas MVEs of Rab27B-knockdown cells appeared smaller and showed a clustered distribution. TIRF was used to study the role of Rab27 in MVE docking at the plasma membrane. Rab27A and Rab27B depletion induced a higher mobility of MVEs just beneath the plasma membrane, while the specific depletion of only Rab27B increased both the proportion and velocity of vesicles likely moving along microtubules. Collectively, these data suggest that the 2 isoforms work separately along the exosomal pathway.

Among the numerous effectors of Rab27,[@cit0072] 2 were shown to be involved in exosomes secretion in HeLa cells. Slp4 (granuphilin-a/b) and Slac2b (exophilin-5) knockdown cells were found to secrete smaller amounts of exosomes as assessed by flow cytometry and beads-based assay, as well as WB detection of exosome components upon large scale vesicle purification. In addition, it was found that the phenotype induced by each effector knockdown is similar to the one of the Rab27-knockdown phenotypes, suggesting that Slp4 and Slac2b function through Rab27A and Rab27B, respectively.[@cit0071]

Since then, several studies were performed attempting to assess Rab27-dependence of exosome secretion. Rab27A regulation of exosome release was confirmed using breast cancer cell lines and nanoparticle tracking analysis.[@cit0073] Strikingly, the function of released exosomes can be investigated in a more integrated manner. For example, 2 carcinoma cell lines with different metastatic capacity and knocked down for Rab27A were tested for tumor growth when injected subcutaneously in mice.[@cit0074] Rab27A knockdown in both cell lines decreased the amount of in vitro secreted vesicles containing bona fide exosomal proteins (Tsg101, Alix, CD63), and in vivo tumor growth of the highly metastatic cells was impaired compare with their scramble small hairpins-treated counterparts. Similarly, this tumor-promoting role was found in another study investigating exosomes released by highly metastatic melanoma cells. Rab27-regulated exosomes were found to educate bone marrow progenitor cells that are necessary for the metastatic progression.[@cit0075]

At the cellular level, invadopodia is a key site for Rab27a-regulated exosome secretion.[@cit0076] Rab27A knockdowns in invasive carcinoma and breast cancer cell lines decrease exosome secretion and invadopodia-associated matrix degradation, an effect phenocopied by synaptotagmin-7 knockdown. Synaptotagmin-7 is a calcium-dependent phospholipid-binding protein that plays a role in exocytosis, strengthening the connection between exosomes and invadopodia. Moreover, using 3D culture assays, Rab27A was shown to regulate invasive migration by delivering MT1-MMP associated with exosomes at invadopodia. In another context, T regulatory (Treg) cells secrete exosomes that are used to transfer specific miRNAs to T helper 1 (Th1) cells and suppress Th1 proliferation and cytokine secretion.[@cit0077] Abrogation of this non cell-autonomous gene regulation was obtained by using Rab27A and Rab27B-deficient Treg cells failing to release exosomes, as well as Treg cells lacking Dicer function and impaired for the production of mature miRNAs, or Treg cells transfected with hairpin inhibitors of Let-7d, a miRNA specifically involved in the process through its exosome transfer.

Do the involved Rabs sign a functional role for exosomes? {#s0004}
=========================================================

Some years ago, we proposed that exosomes can originate from different endosomal compartments.[@cit0078] This would explain why various Rab GTPases could regulate the exosomal release. This is likely cell-dependent, reflecting the intracellular traffic present in each cell type. Moreover, cells release specific subpopulations of exosomes with distinct molecular and biological properties.[@cit0079] It is still unclear if this exosome diversity is already present in MVEs and caused by various budding processes (e.g., ESCRT, ceramide-dependent) leading to specific protein sorting into ILVs, or if MVEs originating on different traffic routes, and thus potentially enriched in different cargoes, lead to exosome release; although both hypotheses might not be mutually exclusive. A related question is: is there a relationship between the Rab GTPases regulating exosome release and the functional role of exosome subpopulations?

A disposal route {#s0004-0001}
----------------

A first element of a response is to consider the producing cell and exosomes as a way to regulate its homeostasis or fate. The best example is the red cell differentiating system and the complete loss of TfR, and the adjustment of other cell surface proteins (e.g., AQP-1) from the reticulocyte surface to accommodate environmental conditions through the exosomal pathway.[@cit0080] The fact that lysosomes are almost inexistent in reticulocytes indicates that exosomes are released through an endocytic/recycling route. Accordingly, K562 erythroleukemia cells release exosomes by a Rab11-regulated pathway.[@cit0053] As mentioned earlier, Rab11 regulates secretion of exosomes containing the P75 neurotrophin receptor and contributes to its downregulation.[@cit0057] AQP-2 is a critical water channel in the kidney, whose regulation on the surface of principal cells of the collecting duct is mediated by a Rab11-positive storage compartment.[@cit0081] Interestingly, secretion of exosomes containing AQP-2 in urine has been reported, again likely indicating a disposal function of the vesicles. Similarly, exosomes containing the epithelial Na channel also regulated through a Rab11-positive compartment in the distal nephron are released in the urine.[@cit0082] Finally, Rab11-regulated secretion of Wingless associated with exosomes is not involved in Wg gradient-formation in wing discs of drosophila.[@cit0059] With respect to the other recycling GTPase Rab35, exosomes released by oligodendrocytes were found mostly taken up by microglia weakening the argument toward a physiological communication role.[@cit0067] Along the same line, oligodendrial cells use exosome secretion as a way to maintain cholesterol homeostasis when the cells are submitted to intracellular accumulation of cholesterol.[@cit0083]

Rab11- and Rab35-regulated exosomal secretion does not seem to be ESCRT-dependent,[@cit0025] contrary to the one dependent on Rab27.[@cit0076] Whether Rab11 and Rab35 may share some regulators or effectors during exosomal secretion remains to be clarified. Note in this respect that RAL-1 is involved in MVB biogenesis and fusion with the plasma membrane in Caenorhabditis elegans, and that RalA and RalB are required for secretion of exosomes in 4T1 mammary tumor cells.[@cit0085] Nevertheless, it was shown that RAL-1 acts independently of the exocyst complex, a direct target of Ral GTPases[@cit0085] and Rab11.[@cit0086]

All together these studies support the hypothesis of Rab11- and Rab35-regulated exosome secretion as a disposal way to regulate cellular levels of specific components [Fig. 3](#f0003){ref-type="fig"}. However, these exosomes could be vectors in some human diseases such as in pathogen infection or neurodegenerative diseases. For example, pathogen components can be carried by exosomes, as was shown for the anthrax toxin that translocates into ILVs after endocytosis is released associated with exosomes through a Rab11 and Rab35-regulated pathway and can then be delivered to naïve cells.[@cit0084] Similarly, the cellular components eliminated by exosomes could be toxic by themselves by propagating diseases.[@cit0087] For example, when the prion protein scrapie (PrP^sc^) is associated with exosomes, they become susceptible to spread the infectious PrP^sc^ to recipient cells.[@cit0088] One could speculate that PrP^sc^ protein is released through Rab35 or Rab11-regulated vesicles. In fact, GPI-anchoring and propensity to aggregate are 2 characteristics favoring the sorting of proteins into exosomes from the recycling pathway.[@cit0054] Figure 3.Provocative and simplistic scheme of Rab-dependence of exosome release considered from the secreting cell trafficking point of view. Of course, once secreted through any routes, exosomes could exhibit all kind of functional effects.

A communication device {#s0004-0002}
----------------------

Another appealing hypothesis for the role of exosomes is their potential as intercellular communication carriers. In fact, most of the studies in the exosomal field have focused on these aspects. Rab27 is involved in the secretion of specific components contained in compartments of different origins (e.g., melanosome, secretory lysosome, dense granule) depending on cell types. Release of these components (respectively: melanin, lytic granules or serotonin) is finely tuned by Rab27 assignment and has a specific function once secreted. In all fairness, Rab27 is the only small GTPase for which released exosomes have been demonstrated to clearly induce a change in naïve cells.[@cit0074] Horizontal transfer of proteins, such as the receptor tyrosine kinase MET, has been demonstrated to occur from melanoma exosomes to bone marrow progenitors.[@cit0075] Similarly, carcinoma cells were shown to induce differentiation of fibroblasts into tumor-promoting stromal myofibroblasts through TGFβ1 and heparin sulfate associated with Rab27-regulated exosomes.[@cit0090] Moreover, miRNA transfer and gene regulation into recipient cells has been demonstrated to occur via exosomes secreted through a Rab27-regulated manner.[@cit0077] Rab27A and Rab27B were both found to be required for exosomes secretion by HeLa cells,[@cit0071] while Rab27B is not consistently required in 2 other carcinoma cells.[@cit0074] Interestingly, Rab27 is overexpressed in some cancers.[@cit0091] Capacity to be secreted at specific sites such as invadopodia[@cit0076] might also be a characteristic for Rab27-regulated exosomes [Fig. 3](#f0003){ref-type="fig"}, reminding the ability of the other secretory GTPase Rab3 to target neurotransmitter release at active zones. Note, however, that Rab27-regulated exosomes can also be used by cells as a disposal tool. Carcinoma cells were shown to produce exosomes containing tumor-suppressor miRNAs by a mechanism arrested by silencing Rab27A or Rab27B, but insensitive to the sphingomyelinase inhibitor GW4869, and acquire metastatic properties by secretion of the miRNA-associated exosomes.[@cit0091] It is tempting to speculate that miRNAs are components more specifically transported within Rab27-regulated exosomes, which might be related to the association of GW-bodies with MVBs.[@cit0092]

Tumor cells regulate their morphology and invasion capacity to adapt to the environment by using vesicle secretion. The switch between mesenchymal and amoeboid phenotypes is correlated with formation of invadopodia through exosome secretion while the rounded morphology is correlated with microvesicles blebbing, respectively.[@cit0093] This clearly indicates membrane remodeling through membrane traffic and cytoskeleton reorganization in which Rab and Rho proteins have differential roles.

A greater part of the studies on exosomes as a communication device examines pathologic effects of the vesicles, mainly in cancer, promoting tumor growth, invasiveness and metastasis. As previously mentioned, microvesicles released by tumor cell plasma membrane blebbing contribute as well to these cancer-associated processes.[@cit0094] A physiologic communication function of exosomes is more difficult to evidence, contrary to an imbalance of normal state, meeting on this aspect "disposal" exosomes carrying toxic components.

In all cases, exosomes could be used as a prognostic factor. A lot of work is being performed in order to implement released vesicles as biomarkers in cancer. However, the presence of ectosomes generally released in higher amounts by tumor cells renders difficult the possibility to know the contribution of exosomes versus ectosomes.

Despite growing evidence for a role in communication in pathological conditions, exosomal secretion and its regulation are still not fully understood. Additionally one might ask, what is the role of exosomal secretion during steady-state conditions? Do they play a role in cell differentiation? Are they vectors of communication? Are small GTPases constitutively regulating exosomal secretions or are they recruited only under certain conditions? Many questions that remain unanswered as of today; but for which answers may bring one\'s attention to new functions for small GTPases in the context of vesicular trafficking and exosomal secretion.
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[^1]: Color versions of one or more of the figures in the article can be found online at [www.tandfonline.com/ksgt](http://www.tandfonline.com/ksgt).
